We present near-infrared polarimetric observations of the black hole X-ray binaries Swift J1357.2-0933 and A0620-00. In both sources, recent studies have demonstrated the presence of variable infrared synchrotron emission in quiescence, most likely from weak compact jets. For Swift J1357.2-0933 we find that the synchrotron emission is polarized at a level of 8.0 ± 2.5 per cent (a 3.2 σ detection of intrinsic polarization). The mean magnitude and rms variability of the flux (fractional rms of 19-24 per cent in K S -band) agree with previous observations. These properties imply a continuously launched (stable on long timescales), highly variable (on short timescales) jet in the Swift J1357.2-0933 system in quiescence, which has a moderately tangled magnetic field close to the base of the jet. We find that for A0620-00, there are likely to be three components to the optical-infrared polarization; interstellar dust along the line of sight, scattering within the system, and an additional source that changes the polarization position angle in the reddest (H and K S ) wave-bands. We interpret this as a stronger contribution of synchrotron emission, and by subtracting the line-of-sight polarization, we measure an excess of ∼ 1.25±0.28 per cent polarization and a position angle of the magnetic field vector that is consistent with being parallel with the axis of the resolved radio jet. These results imply that weak jets in low luminosity accreting systems have magnetic fields which possess similarly tangled fields compared to the more luminous, hard state jets in X-ray binaries.
INTRODUCTION
Most low-mass X-ray binaries (LMXBs) spend the majority of their time in a state of quiescence, accreting at very low luminosities; ∼ 10 30 -10 ∼33 erg s −1 (e.g. van Paradijs et al. 1987; Kong et al. 2002; Homan et al. 2013; Plotkin, Gallo & Jonker 2013) . Studies of quiescent LMXBs have provided black hole (e.g. Casares & Jonker 2014) (Garcia et al. 2001 , although see Fender, Gallo & Jonker 2003) , constraints on the equation of state of neutron ⋆ E-mail: dave.russell@nyu.edu stars (e.g. Heinke et al. 2003; Guillot et al. 2013 ) and even constraints on braneworld gravity models and the size of extra dimensions (Psaltis 2007; Johannsen 2009; González Hernández, Rebolo & Casares 2014) . Evidence for accretion onto the compact object at these lowest luminosities implies these sources never truly switch off. X-ray variability (e.g. Rutledge et al. 2001; Degenaar & Wijnands 2012; Bernardini & Cackett 2014; Coti Zelati et al. 2014 ) and the UV/optical/infrared properties (e.g. Orosz et al. 1994; Zurita et al. 2003; Shahbaz et al. 2005; Cantrell et al. 2008; Yang et al. 2012; MacDonald et al. 2014; Bernardini et al. 2016; Koljonen et al. 2016) in quiescence can be explained by a truncated disc and a radiatively inefficient accretion flow. The X-ray and optical fluxes can be positively correc 2016 The Authors lated on long (e.g. Bernardini et al. 2013 ) and short (e.g. Hynes et al. 2004) timescales.
Jets appear to play a relatively more energetically important role at low luminosities compared to higher luminosities in black hole LMXBs (Fender, Gallo & Jonker 2003; ) and jets may contribute to, or even dominate most of the spectrum from radio to Xray in quiescence in some sources (e.g. Xie, Yang & Ma 2014; Markoff et al. 2015; Plotkin et al. 2015 Plotkin et al. , 2016 . Several X-ray binaries have confirmed radio detections in quiescence (Gallo, Fender & Hynes 2005; Gallo et al. 2006 Gallo et al. , 2014 Miller-Jones et al. 2011 Strader et al. 2012; Chomiuk et al. 2013; Dzib, Massi, & Jaron 2015; Tetarenko et al. 2016 ) and they are all black hole candidate systems. Spectral evidence for synchrotron emission in the optical-infrared (OIR) regime in quiescence has been found in some black hole LMXBs (Gallo et al. 2007; Gelino, Gelino & Harrison 2010; Froning et al. 2011; Shahbaz et al. 2013; Plotkin et al. 2016 ) and one neutron star system (Baglio et al. 2013) .
During outbursts of black hole LMXBs, continuously launched, synchrotron-emitting jets are commonly produced during the hard spectral state (see Fender & Gallo 2014 , for a recent review). The hard state commonly occurs at the beginning and end of outbursts, from luminosities above quiescence (> 10 ∼33 erg s −1 ) up to ∼ 1-15 per cent of the Eddington luminosity (e.g. Belloni 2010; Koljonen et al. 2016) . The hard state is associated with a highly variable (on short timescales) hard power law X-ray spectrum that likely originates in an inner, radiatively inefficient accretion flow close to the black hole. Optically thin synchrotron emission is observed at OIR wavelengths and originates from the inner parts of the jets close to their launch region (e.g. Corbel & Fender 2002; Hynes et al. 2003; Russell et al. 2013 , and references therein).
Polarimetry can be used as a tool to probe the magnetic field configuration in these inner parts of the jets, since the polarization of optically thin synchrotron emission is dependent on the level of ordering of the magnetic field. Detections of (in some cases variable) intrinsic polarization on levels of a few per cent have now been confirmed in several LMXBs. Three black hole candidates were found to have intrinsic polarization at infrared wavelengths during outburst, all during the hard state when jets are expected to be launched, at levels of ∼ 4-7 per cent (GRO J1655-40), ∼ 2.4 per cent (XTE J1550-564) and up to 2.8 per cent (GX 339-4; Chaty et al. 2011; Russell et al. 2011) . In the latter source, variability of the polarization was seen on timescales of minutes. Just recently, during the bright outburst of V404 Cyg in 2015, flares of optical polarization were detected and interpreted as synchrotron emission from a variable jet (Lipunov et al. 2016; Shahbaz et al. 2016) . In neutron star LMXBs, intrinsic infrared or optical polarization was detected in Sco X-1, Cyg X-2 and 4U 0614+09, at similar levels as the black hole LMXBs (up to ∼ 10 per cent in Cyg X-2) and short timescale variations of polarization were observed in Sco X-1 Shahbaz et al. 2008; Russell et al. 2011; Baglio et al. 2014b ). These measurements have so far suggested that the magnetic fields near the jet base are largely tangled, chaotic and on average, aligned with the jet axis. One exception is Cyg X-1, which appears to have a highly ordered, stable magnetic field near its jet base that is perpendicular to the axis of the jet (Russell & Shahbaz 2014; Rodriguez et al. 2015) , and V404 Cyg which had flares of low level polarization, with the magnetic field also perpendicular to the jet axis (Shahbaz et al. 2016) . These levels of polarization are similar to those often seen from LMXB jets at radio frequencies during the hard state, although higher levels (tens of per cent) of radio polarization have been detected, especially during spectral state transitions when discrete ejections are launched (e.g. Corbel et al. 2000; Brocksopp et al. 2007 Brocksopp et al. , 2013 Curran et al. 2014) . The typical hard state infrared and radio polarization levels are also similar to the polarization measurements of synchrotron emission from the cores of active galactic nuclei (AGN), which are also polarized on levels of a few to tens of per cent (e.g. Lister & Homan 2005; Barres de Almeida et al. 2010; Lopez-Rodriguez et al. 2014) . With a larger sample of X-ray binaries and AGN, it will be possible to test for differences in the level of magnetic field ordering, and orientation, near the base of jets in different types of accreting black holes, and neutron stars.
It is not yet clear whether the magnetic field configuration in jets changes as a function of luminosity. Jets in quiescent LMXBs are weaker than the brighter hard state jets, their electron populations have lower maximum energies, and they may be dominated by partially non-relativistic, perhaps Maxwellian energy distributions, leading to steeper OIR SEDs than are typical for optically thin synchrotron emission Markoff et al. 2015; Plotkin et al. 2016) . So far, no intrinsic optical/infrared synchrotron polarization has been detected in any quiescent LMXB (Dubus & Chaty 2006; Baglio et al. 2014a ), but in possibly all objects tested so far, other components such as the companion star and accretion disc are likely to dominate the emission in these systems in quiescence. In the radio regime, just one linear polarization constraint exists of the quiescent radio emission, of < 2.11 per cent (3 σ upper limit) in V404 Cyg (Rana et al. 2016) . Swift J1357.2-0933 and A0620-00 are two black hole LMXBs which have reported spectral evidence for synchrotron emission from quiescent jets (Gallo et al. 2007; Froning et al. 2011; Shahbaz et al. 2013; Russell et al. 2013; Plotkin et al. 2016; Yang 2016 . Conditions were good, with the seeing ranging from ∼ 0.7-1.2 arcsec. All exposures were made in a five-point dither pattern, with exposure times varying depending on the filter (see Table 1 ). For Swift J1357.2-0933, long repeats were made in J and KSband filters to obtain reasonable signal-to-noise ratio (S/N) for this fainter target, whereas shorter Z, J, H and KS sequences were carried out for the brighter source A0620-00. For each exposure four simultaneous images were obtained, one at each of the four polarization angles; 0
• , 45
• , 90
• and 135
• of the Wollaston prism. Half of the observations were made with the telescope rotator at 0
• and half at 90
• (except when the S/N was slightly higher in one camera orientation, where more images were acquired at the angle with lower S/N), in order to correct for the relative transmission factors of the ordinary and extraordinary rays for each Wollaston (see Alves et al. 2011; Zapatero Osorio et al. 2011) .
The data reduction was performed using the lirisdr package developed by the LIRIS team in the iraf environment 1 (for details, see Alves et al. 2011) . Repeated sequences were combined and aperture photometry was then performed on the resulting images, and the normalized Stokes parameters q and u, and the fractional linear polarization (FLP) and position angle (PA) were measured using equations (11-13) in Alves et al. (2011) . Errors on FLP and PA were computed taking into account the errors associated with the raw counts at each polarization angle and polarization bias for low S/N data (Wardle & Kronberg 1974 ) using the same method as Russell & Shahbaz (2014) . The instrumental polarization is known to be very small for LIRIS; < 0.1 per cent (Alves et al. 2011) . A polarized standard star HD38563C was observed in all four filters to check for an offset in position angle. The PA measured agreed with literature values (Whittet et al. 1992 ) in all filters to within 2-12
• (errors were < 1 • ; smaller than the literature values) with no systematic shift between the LIRIS and literature values, so no PA correction is applied to the data.
Short-term flux variability was also tested for using aperture photometry on shorter bins of the data. Using field stars from the Two Micron All Sky Survey (2MASS; Skrutskie et al. 2006), we measured magnitudes and the rms variability as a fraction of the flux in each filter for the targets and six field stars close to the targets, except Z-band for A0620-00 in which the observations were too short to measure the rms, but approximate flux calibration was achieved using z ′ -band SDSS magnitudes of field stars.
Optical observations
Both LMXBs were observed at optical wavelengths within a few days of the infrared polarization observations using the 2-m Faulkes Telescopes, as part of an ongoing monitoring campaign of ∼ 40 low-mass X-ray binaries (Lewis et al. 2008) . Swift J1357.2-0933 was observed in the Bessell Iband on 2013-02-18 using the Faulkes Telescope South (FTS) at Siding Spring, Australia (see Table 1 ). Conditions were good and the seeing was 1.5 ′′ . The LMXB was faint but detected in the image. Flux calibration was achieved using the SDSS magnitudes of stars in the field, converting the SDSS magnitudes of the stars to Bessel I magnitudes adopting the colour transformations in Table 3 of Jordi, Grebel & Ammon (2006) . The magnitude of Swift J1357.2-0933 was found to be I = 20.27 ± 0.25. A0620-00 was observed in Bessell V and R-bands and four times in SDSS i ′ -band on 2013-02-19 with the Faulkes Telescope North (FTN) located at Haleakala on Maui, Hawaii, USA (see Table 1 ). The conditions were worse than for Swift J1357.2-0933, with seeing of 2.1-2.4
′′ , deteriorating to 3.5 ′′ in the last i ′ -band image. Despite the poorer conditions, A0620-00 is brighter and was detected in all images. SDSS magnitudes of three field stars were used for flux calibration. For i ′ -band the SDSS magnitudes were used directly; for V and R conversions from Smith et al. (2002, table 7) were adopted (no suitable conversions for V and R exist in Jordi et al. 2006) . Each magnitude of A0620-00 in the four i ′ -band exposures was consistent to within 1.1 σ of the mean value, so intrinsic variability was not detected. The average magnitude of A0620-00 was V = 18.16 ± 0.14; R = 17.17 ± 0.05; i ′ = 17.59 ± 0.05.
RESULTS AND ANALYSIS

Flux and variability
The de-reddened OIR spectral energy distributions (SEDs) of the two LMXBs are shown in Fig. 1 . When more than one flux measurement was made in a particular filter, the Table 1 for dates of the observations). Table 2 ).
mean magnitude was calculated from all observations, and the error represents the standard deviation of the magnitudes. The data were de-reddened using extinction values of Av = 1.05 for A0620-00 and Av = 0.124 for Swift J1357.2-0933 (Cantrell et al. 2010; Armas Padilla et al. 2013; Corral-Santana et al. 2016) , adopting the extinction law of Cardelli, Clayton & Mathis (1989) . We note that using other dust extinction laws in the infrared (Indebetouw et al. 2005; Chiar & Tielens 2006 ) would change the J, H, KS fluxes by < 3 per cent and < 0.3 per cent for A0620-00 and Swift J1357.2-0933 respectively, and so do not significantly alter their spectrum in Fig. 1 . Light curves of the two LMXBs and the six aforementioned (Section 2.1) close field stars were produced from each of the individual exposures, to investigate the intrinsic variability of the sources. The fractional rms variability amplitudes for each source in each filter on each date were calculated using equation (1) of Gandhi et al. (2010) , which gives the excess variation above Poisson noise. The measured fractional rms variability is shown as a function of the S/N in Fig. 2 . Many of the field stars, and Swift J1357.2-0933, have low S/N in each image, and there is a relation between apparent (measured) rms variability and S/N. The field stars are not expected to be variable and the relation shows the rms at low S/N is clearly not intrinsic variability of the source. We remove this contribution to the rms from the measurements of the two LMXBs, by subtracting the rms from the fit (solid line in Fig. 2 ) in quadrature, and the error is estimated from the error on the normalization of the fit (dotted lines in Fig. 2 ). The resulting rms values represent the intrinsic rms variability of the source, and are given in Table 2 . Due to the exposure times, dithering pattern, cycling through the filters and total observation lengths, the time resolution and frequency range probed differed between filters and source ( Table 2 ). The time resolution represents the average time between images on each date per filter, even when there were gaps between runs of consecutive images. The minimum and maximum values in the frequency range probed correspond to the total length of the observations and the smallest time between consecutive exposures, respectively. The results are discussed below.
A0620-00:
The mean flux density of A0620-00 (black circles in Fig. 1 ) is higher in the near-infrared (NIR) than the optical, and the SED is similar to that seen by Gallo et al. (2007) and Froning et al. (2011) , suggesting that the curved spectrum is dominated by the companion star, which appears to peak (in flux density) near the H-band. The elevated data point at log ν/Hz = 14.67 (R-band) is most likely affected by the Hα emission line from the accretion disc, a line often prominent in quiescent LMXBs (e.g. Casares & Charles 1992; Fender et al. 2009; Casares 2015) . It was found from long-term OIR monitoring of A0620-00 (Cantrell et al. 2008 ) that the quiescent emission can be described by three states: passive (faint, in which the companion dominates), active (in which the optical emission is brighter by up to 0.5 mag and slightly bluer, likely due to the accretion disc), and loop (an intermediate case in which the source exhibits loops in its V -I colour-magnitude diagram). The flaring behaviour affects not just the optical, but the NIR too, and NIR spectra also support a non-stellar contribution at these longer wavelengths (Froning, Robinson, & Bitner 2007) . Comparing the mean magnitudes we measure of V = 18.16 ± 0.14 and H = 14.76 ± 0.05 to Fig. 2 of Cantrell et al. (2008) , both magnitudes are consistent with all three states, within uncertainties. It is therefore not clear whether A0620-00 was in an 'active quiescent' state on the dates of our observations, although the elevated R-band flux does suggest the presence of a disc producing Hα emission. At longer wavelengths, a mid-IR excess above the companion emission, at a similar flux density to the radio emission, was interpreted as either dust from a circumbinary disc around the A0620-00 system, or synchrotron emission from quiescent jets in the system (Muno & Mauerhan 2006; Gallo et al. 2007 ). The non-stellar IR emission was found to be flat and variable (Maitra et al. 2011) , supporting the jet interpretation, and the spectral break in the jet spectrum was identified ) at a frequency of (1.3 ± 0.5) × 10 14 Hz (or 1.7-3.6 µm). Froning et al. (2011) found that an upturn in the SED in A0620-00 in the far-UV could be explained by the extension of the optically thin synchrotron power law and is consistent with the jet model of Gallo et al. (2007) . Recently, multiple frequency observations carried out with the Karl G. Jansky Very Large Array in 2013 have revealed a highly inverted radio spectrum, with α ∼ +0.7 (where Fν ∝ ν α ) and long-term variability of the radio emission (Dincer et al. in preparation; see also MacDonald, Bailyn, & Buxton 2015) . This is not unreasonable; a jet spectral index consistent with being this steep has been observed during outbursts in XTE J1118+480 and MAXI J1836-194, and in the latter source the radio jet was spatially resolved (Fender et al. 2001; Russell et al. 2015) . If this steep spectrum is not due to low frequency selfabsorption, and instead extends to higher frequencies, it would have to either curve towards being flat (curvature is seen in some sources, such as V404 Cyg; Russell et al. 2013) , or the spectral break would have to reside at much lower frequencies than the NIR, in order for the NIR spectrum to be optically thin synchrotron. The infrared data in the literature imply a jet flux density of ∼0.1-0.4 mJy at NIR wavelengths (Gallo et al. 2007; Russell et al. 2013) , which would be ∼7-40 per cent of the observed (total) flux density in the J-KS wave-bands. It is therefore possible that a polarization signal could be detected if the jet component is intrinsically polarized.
The fractional rms variability of A0620-00 is clearly above the expected value for a zero intrinsic variability source at its S/N (Fig. 2) , in all three wave-bands. The intrinsic rms variability is ∼ 1.8-3.9 per cent (Table 2) , with the highest rms in the H-band. On these timescales (the time resolution is ∼ 20 minutes), the disc (if irradiated) and the jet could be variable. In addition, the observing period in total is 4.5 hours, which covers ∼ 60 per cent of the orbital period of 7.75 hours, so the modulation of the companion is expected to be present. Inspecting the individual light curves, the mean flux level appears to stay roughly constant in the first 3.5 hours, then an increase of amplitude ∼ 0.1 mag appears in the last 1 hour of the 4.5-hour observing period in all three wave-bands. The majority of the variability could be simply due to the orbital modulation, but we cannot rule out the presence of low-amplitude flares.
Previous optical variability studies (e.g. Shahbaz et al. 2004 , and references therein) have revealed optical flares in A0620-00 lasting several minutes, above the orbital modulation. These flares have a spectral index of α ∼ −1.4, which are steeply red and similar to that measured for the variability in Swift J1357.2-0933 , the latter of which was interpreted as synchrotron emission from the jet. Although faint in quiescence, one radio flare lasting ∼ 3 minutes was observed from A0620-00 in quiescence (Pal & Chakrabarti 2004) , suggesting that there is indeed jet variability in quiescence in this source. This has been confirmed by Dincer et al. (in preparation; see also MacDonald, Bailyn, & Buxton 2015) who found long-term variability in the radio emission. If this variability dominates our intrinsic rms measurements, the lower fractional rms in KS-band compared to H-band (Table 2) suggests that the α ∼ −1.4 spectrum of the flares may peak around H-band (the flux density is also lower in KS-band), although the NIR variability measured here does not probe the shortest timescales of the flares observed by Shahbaz et al. (2004) . The decrease of rms variability at the longest wavelength (KS-band) coincides with the frequency of the jet spectral break at ∼ 1.3 × 10 14 Hz ), which could be consistent since synchrotron-emitting regions overlap below the break, reducing the rms variability (e.g. Malzac 2014 ). Alternatively, the orbital modulation of the companion could be producing these variations in flux, since the observing time spans more than half an orbital period. No obvious modulation is evident in the light curves, and it is not clear why there would be more fractional rms in H-band than J and KS, but nevertheless the companion could be contributing to this variability.
Swift J1357.2-0933:
The mean flux density of Swift J1357.2-0933 appears to be constant from KS-band to I-band (Fig. 1) , with the errors giving a spectral index of α = −0.06 ± 0.51. This spectral index is shallower than the OIR index α = −1.4±0.1 observed by Shahbaz et al. (2013) , but is similar to that reported in the same wavelength range by Plotkin et al. (2016) . The I-band data were taken 1.5 days before the (night 1) NIR data (Table 1) , and the mean flux is known to vary on timescales shorter than this, so caution should be made when joining the I-band data in the SED. Nevertheless, in the context of the jet synchrotron interpretation of Shahbaz et al. (2013) and Plotkin et al. (2016) , the data imply the optically thick, flat spectrum jet may have dominated from KS-band to I-band around the dates of our observations, with the jet spectral break residing at a higher frequency than I-band; ν b ≥ 3.8 × 10
14
Hz (Plotkin et al. 2016 , found ν b ≈ 2-5 × 10 14 Hz). The intrinsic fractional rms variability in KS-band is high; ∼ 18-24 per cent on both dates, similar to that found previously ). In J-band, the rms was ∼ 11 per cent on both dates, lower than that found by Shahbaz et al. (2013) . The resulting spectral index of the rms itself is α ∼ −1.3, which is similar to that found by . This implies that perhaps the underlying variable jet component is optically thin, even though the total observed spectrum is flat. Alternatively, the optically thick, flat spectrum synchrotron emission from the jet could produce the total spectrum and variability, but the longer wavelengths have higher rms variability on these timescales for some as yet unknown reason. One possibility is that the power density spectrum of the variability is expected to peak at higher frequencies (i.e., the variations are faster) at shorter wavelengths (as expected by models, e.g. Malzac 2014), and we are here probing slower timescales than this, in which case on these slow timescales the longer wavelengths may have more rms variability power than the shorter wavelengths, as observed between KS and J-bands. This may be consistent with the results of Gandhi et al. (2011) , who found that in GX 339-4, at wavelengths close to the jet spectral break the rms variability was of high amplitude, but the variations were slow, with smooth changes on timescales of minutes-hours. We therefore consider both options, optically thin and optically thick synchrotron, are plausible possibilities for the origin of the NIR spectrum and variability.
Polarization
The polarization results for the two LMXBs in each filter are given in Table 3 . For A0620-00, FLP is detected at a confidence level of > 6 σ in J and H-bands, 3.3 σ in KSband and 2.3 σ in Z-band. The level of FLP decreases with wavelength, from ∼ 1.4 per cent in Z-band to ∼ 0.9 per cent in KS-band. For Swift J1357.2-0933, no significant FLP is detected on either of the two nights of data in each waveband, with the most significant being FLP = 6.8 ± 4.2 per cent in J-band on night 1, a confidence of detection of FLP of only 1.6 σ. Too few KS-band data were taken on night 1, the S/N was low, and it was not possible to measure the FLP in this wave-band on night 1. However, by combining the data of night 1 and night 2, we measure FLP = 7.3 ± 2.7 per cent in J-band averaged over both nights, and FLP = 8.4 ± 4.8 per cent in KS-band. Finally, we combine the J and KSband data together over both nights to achieve one, high S/N measurement of the FLP, resulting in FLP = 8.0 ± 2.5 per cent, which is a detection of intrinsic polarization at the 3.2 σ level.
To further assess the significance of this result, we also measured the FLP of all field stars in each filter, that were bright enough and visible in the images at both camera rotation angles. The fields of the two LMXBs, and another LMXB 4U 0614+09 (results for this source are in preparation and will be published elsewhere) were used. Out of > 50 measurements of FLP from the three fields, only A0620-00, Swift J1357.2-0933 and the two brightest field stars had significant (> 3 σ) detections of FLP above zero (Fig. 3) . These two field stars have FLP that follows the expected relation with wavelength for interstellar dust (see Fig. 4 ). The only other star in the field of Swift J1357.2-0933 had a FLP, measured in the combined night 1 and 2 J and KS data, of 0.5 +1.1 −0.5 per cent (a significance of < 1 σ; bottom row of Table 3 ), which further suggests that the FLP measured for Swift J1357.2-0933 is real and intrinsic to the source, although attention should be made to the significance of the detection (3.2 σ).
A0620-00:
To investigate the origin of the polarization in A0620-00, we compare our NIR measurements with optical FLP values from the literature. Dolan & Tapia (1989) found that the optical (white light) FLP varied with the orbital phase in quiescence, with values of FLP ∼ 1.6-3.2 per cent. Dubus et al. (2008) also measured FLP = 3.08 ± 0.04 per cent in V -band during quiescence but did not detect the orbital modulation. One reason could be that the source may have been in a different (passive/loop/active) state (Cantrell et al. 2008) . In Fig. 4, the FLP (panel (a) ) and PA (panel (b)) of A0620-00 are shown as a function of frequency from optical (literature data) to NIR (our LIRIS data). The phase-averaged quiescent optical FLP (from Dolan & Tapia 1989; Dubus et al. 2008 ) are shown, with the dotted lines with arrows indicating the range of FLP values measured over the orbital period by Dolan & Tapia (1989) . Optical FLP measurements from the 1975 outburst (Dolan 1976 ) are also included, as are NIR (LIRIS) and optical (Dubus et al. 2008 ) FLP measurements of field stars close to A0620-00, for comparison. The field stars are polarized due to the preferential orientation of dust grains between the stars and the Earth, and the FLP as a function of frequency can be well fit by the expected empirical relation (Serkowski 1973) for FLP due to interstellar dust (see dotted line in the upper panel of Fig. 4) . The optical and NIR PA of the polarization of the field stars is found to agree, with PA ∼ 153
• (dotted line in second panel). The optical outburst FLP values of A0620-00 lie close to (but are slightly higher than) the relation fit to the field stars for interstellar dust. We fit the same dust relation to these optical data, changing only the peak FLP, not the frequency of the peak (solid curve in Fig. 4a ). The PA of this is found to be ∼ 141
• , slightly different to that of the field stars (Fig. 4b) . The quiescent optical (Dolan & Tapia 1989; Dubus et al. 2008 ) and NIR (LIRIS) FLP clearly lie above the relation for interstellar dust, and so must have a different origin.
We remove the contribution of the dust to the observed FLP and plot the remaining FLP in Fig. 4(c) . This is achieved using the best fit relation for dust polarization to the optical data of A0620-00, and subtracting its wavelength-dependent Stokes q and u values from the observed q and u for each measurement. The FLP and PA of the non-dust (i.e. intrinsic) data are then calculated from these values of q and u. The dust-corrected FLP of A0620-00 is ∼ 1-2 per cent at optical and ∼ 0.5-1.0 per cent at NIR wavelengths. The optical FLP is likely to be due to Thomson scattering (e.g. Brown, McLean, & Emslie 1978; Bochkarev et al. 1979 ) within the binary system, since it has been seen to vary on the orbital period (Dolan & Tapia 1989) . For such scattering the FLP is expected to be either constant with wavelength, or slightly decreasing from optical towards NIR wavelengths (e.g. Blaes & Agol 1996; Schultz, Hakala, & Huovelin 2004) , and the PA should be constant. The clear decrease of FLP from optical to NIR (Fig. 4c) could therefore perhaps be explained by scattering. In the Z and J-bands, the PA is consistent (within 2 σ) with that of the optical (Fig. 4d) . The PA in H and KS-band differ from the optical PA by 3.0 σ and 5.1 σ respectively, and a broken line fit (Fig. 4d) describes well the change in PA. Scattering is therefore a plausible origin to the optical and some of the NIR polarization, and can account for the FLP and PA in all bands except the H and KS-bands. Since the optical FLP can vary with phase of the orbit (Dolan & Tapia 1989) , one possible reason that the NIR FLP is lower than the optical FLP is that the NIR data could have been acquired at a specific phase of the orbit. The optical quiescent data of A0620-00 in Fig. 4 are the orbital phase-averaged values of FLP. Our NIR data span 4.5 hours, which is ∼ 60 per cent of the orbital period, which is a substantial fraction, so it is possible, but unlikely, that our NIR data have a lower FLP because of the phase dependency and the orbital phase of the observations. In addition, the data in all NIR wavebands span the same orbital phase, yet the KS-band PA differs significantly to the J and H-band PA. Even if phase dependency is not the reason for the low NIR FLP, scattering could explain the polarization in the J to V -bands.
While the FLP in H and KS-bands is similar to that in J and Z, the PA is not. The KS-band PA is 124.1 ± 9.6
• , which differs by ∼ 48
• to the PA of the optical bands. If the process is scattering, the PA is not expected to change with wavelength, so this 5.1 σ discrepancy is significant and we have to investigate other sources of polarization. By assuming that the scattering would produce a PA in KS-band that is the same as at optical wavelengths (∼ 173
• ) and a FLP that follows the trend of FLP with wavelength (i.e. about the same FLP as is shown in Fig. 4c) , we estimate the remaining polarization (dust-corrected and scattering-corrected) in KS-band is FLP ∼ 1.25 ± 0.28 per cent.
A possible origin is polarization due to synchrotron emission from jets in A0620-00. The jet does make a contribution to the NIR flux in A0620-00 (see Section 3.1); we estimate from the infrared data (Gallo et al. 2007; Russell et al. 2013 ) that it contributes ∼ 8 -37 per cent of the KS-band flux density. The position angle of the resolved radio jet imaged during its 1975 outburst was constrained by Kuulkers et al. (1999) to be 45 ± 15
• . For synchrotron, the PA of the polarization traces the electric field vector in the emitting region, and the magnetic field vector differs from this by 90
• . In Fig. 4(d) , the angle perpendicular to the resolved radio jet axis, and its error, are shown as horizontal dotted lines. The measured polarization PA in KS-band and H-band are consistent within errors with this angle. If synchrotron emission from the jet dominates the KS-band polarization, then this implies the magnetic field vector is parallel to the jet axis. This is the same as found in other LMXBs from NIR data Russell et al. 2011 ) and radio data (Curran et al. 2015) . Whether the synchrotron is optically thin, or partially self-absorbed (i.e. the flat spectrum that extends from NIR to radio), the polarization will be dominated by the optically thin regions, which have PAs aligned perpendicular to the magnetic field (e.g. Zdziarski et al. 2014; Curran et al. 2015) . The KS-band FLP is ∼ 1.25 ± 0.28 per cent and if this is produced by the jet which contributes ∼ 8 -37 per cent of the flux density, this would imply the jet contribution itself is polarized at a level of FLPjet ∼ 3-18 per cent, suggesting that the magnetic field in the jet is moderately tangled.
Swift J1357.2-0933:
The spectral and rapid variability properties of Swift J1357.2-0933 favour a synchrotron process producing the NIR emission in quiescence. This is therefore the most likely origin of the measured FLP of 8.0 ± 2.5 per cent. The line of sight extinction of Av = 0.124 towards the source is way too low to produce this level of polarization due to dust at NIR wavelengths. There is a linear relation between the maximum optical polarization caused by dust extinction; FLPmax = 3Av (Serkowski, Mathewson, & Ford 1975) , which implies FLP dust < 0.4 per cent for Swift J1357.2-0933, and much lower in the NIR regime. Scattering on the disc surface also seems unlikely since the disc does not dominate the NIR emission, so the intrinsic polarization of the disc would have to be even higher than that measured, which is unlikely (scattering usually produces a few per cent FLP in LMXBs; e.g. Dolan & Tapia 1989; Gliozzi et al. 1998) . Emission lines from the accretion disc have been detected in quiescence (Torres et al. 2015; Mata Sánchez et al. 2015) , but its contribution to the continuum is likely to be low, since the UV flux is much fainter than the optical flux (Plotkin et al. 2016) . The X-ray luminosity is also very low, possibly the lowest measured of all black hole LMXBs (Armas Padilla et al. 2014) . The polarization of 8.0±2.5 per cent implies the magnetic field in the region of the jet near its base is moderately tangled. However, the FLP is fairly high for LMXB jets, being comparable to that measured in Cyg X-2 (Shahbaz et al. 2008) , lower than 4U 0614+09 (if the disc is unpolarized in that source; Baglio et al. 2014b ) and much lower than Cyg X-1 (Laurent et al. 2011; Russell & Shahbaz 2014; Rodriguez et al. 2015) , but higher than GX 339-4, Sco X-1, GRO J1655-40 and XTE J1550-564 (Shahbaz et al. 2008; Russell et al. 2011; Chaty et al. 2011) . The length of the observations implies a continuously launched (stable on long timescales), highly variable (on short timescales) jet in Swift J1357.2-0933, which has a moderately tangled magnetic field close to the jet base. Alternatively, the magnetic field could be highly ordered, but with a variable PA on short timescales, which would smear out the high polarization on longer timescales than the variability.
During outburst, the optical SED of Swift J1357.2-0933 was well approximated by a non-irradiated accretion disc (Armas Padilla et al. 2013; Shahbaz et al. 2013; Weng & Zhang 2015) . Optical dips were best explained by a torus obscuring the inner regions that moved outwards during the outburst . Radio emission from a jet was detected during its outburst (Sivakoff, Miller-Jones, & Krimm 2011) and excess NIR emission could be explained by the flat radio jet spectrum extending to NIR wavelengths ). The radio jet was not resolved, so its orientation is unknown. However, if the NIR polarization we detect in quiescence is produced by the jet, the polarization PA will be parallel to the electric field vector. The magnetic field vector is perpendicular to this and is expected to be parallel to the jet axis (this has been found empirically; see Curran et al. 2015, and above) . We can therefore speculate that the jet axis has a PA of 75±33
• +90 • = 165±33
• on the plane of the sky. This cannot be tested until a future outburst because the radio jet emission is extremely faint in quiescence (Plotkin et al. 2016) . Radio VLBI data could be taken during a future outburst to test this prediction, assuming there is no long-term change in the position angle of the jet, due to a misalignment of the jet with the disc axis.
CONCLUSIONS
NIR polarimetric observations of two black hole LMXBs in quiescence have been presented. In both sources, we find for the first time (at the > 3 σ level) the polarimetric signature of synchrotron emission, which we ascribe to the weak collimated outflows launched at low accretion rates in these systems. This further supports (in addition to the previous spectral and timing evidence; e.g. Gallo et al. 2007; Shahbaz et al. 2013; Russell et al. 2013; Plotkin et al. 2016 ) the existence of jets launched in quiescence in black hole X-ray binaries. We constrain the level of polarization of the synchrotron emission to be 8.0 ± 2.5 per cent and ∼ 3-18 per cent in Swift J1357.2-0933 and A0620-00, respectively. The latter result has a large range due to the uncertain NIR jet contribution, which we estimate to be ∼ 8 -37 per cent of the observed KS-band flux.
For A0620-00 we identify two additional sources of lineof-sight polarization -interstellar dust (which produces 1-2 per cent FLP at optical, and ≪ 1 per cent at NIR wavelengths, respectively), and Thomson scattering within the system (1-2 per cent FLP at OIR wavelengths). In the H and KS wave-bands (the longest wavelengths), the position angle of the polarization changes significantly, which is due to an excess of FLP of ∼ 1.25 ± 0.28 per cent, which we argue is due to synchrotron emission which contributes a small amount of the flux at these wavelengths. The PA of this synchrotron component implies that the orientation of the magnetic field is approximately parallel to the axis of the radio jet of A0620-00 imaged during outburst, which is in line with the magnetic field orientations of other LMXBs at higher accretion rates. The jet of Swift J1357.2-0933 has not been spatially resolved. Nevertheless, if the same magnetic field orientation is true for this source, then our polarization results imply the jet axis has a position angle of ∼ 165±33
• . In general, the measured polarization properties put in the context of previous radio and OIR results taken in quiescence, suggests that there is a continuously launched (on long timescales), highly variable (on short timescales) jet launched from these systems during the long periods of quiescence between outbursts.
In addition to the polarimetric results, intrinsic variability is detected in both sources on minute-hour timescales. The high fractional rms variability of 11-24 per cent in Swift J1357.2-0933 has a NIR spectral index of α ∼ −1.3, very similar to that measured by Shahbaz et al. (2013) , even though the observed OIR flux spectrum is flat (α ∼ −0.1), which is similar to Plotkin et al. (2016) . This suggests that either the partially self-absorbed (optically thick) synchrotron dominates the emission and there is stronger variability on these long timescales at the longer wavelengths, or that the synchrotron emission is optically thin, and another component, for example the accretion disc, produces some of the shorter wavelength flux. The variability is much weaker in A0620-00; the NIR fractional rms of ∼ 2-4 per cent could be explained by accretion activity and/or the orbital modulation of the companion star.
The polarization results imply that the magnetic fields near the base of black hole LMXB jets are moderately tangled, with a preferential orientation of the magnetic field along the jet axis. This is similar to the properties derived from OIR polarization studies of LMXBs at higher accretion rates, but not for all cases. Future observations, especially monitoring changes of the magnetic field properties throughout an outburst of a transient LMXB, could probe for the first time how the jet properties depend on accretion rate/state. In addition, the magnetic fields in neutron star jets have not yet been studied at low accretion rates, so future observations of a quiescent neutron star system could test the ubiquity of these tangled magnetic fields in LMXBs.
